Ferrous ferric chloride (FFC) is a special form of aqueous iron that is a complex of ferrous chloride and ferric chloride and participates in oxidation and reduction reactions. My previous study showed that FFC stimulated the proliferation and differentiation of cultured epidermal melanoblasts or melanocytes derived from newborn mice. However, it is not known whether FFC stimulates the proliferation and differentiation of melanocytes in cooperation with natural factors, such as vinegars, vitamins, and herbal medicines. The drink Pairogen R (Akatsuka Co., Tsu, Japan) consists of FFC, vinegars, and vitamins, while Pairogen Gold R (Akatsuka Co.) contains herbal medicines in addition to FFC, vinegar, and vitamins. To clarify whether these natural factors supplemented to Pairogen or Pairogen Gold elicit stimulative effects on skin function, Pairogen and Pairogen Gold were added to the culture medium and tested for their proliferation-and differentiation-stimulating activity on melanocytes. Although Pairogen Gold failed to increase melanocyte proliferation beyond that elicited by FFC alone, it markedly increased melanocyte differentiation. In contrast, Pairogen possessed no such effect. The extracts of Chinese wolfberry (Lycium chinense) and Siberian ginseng (Eleutherococcus senticosus) that are included in Pairogen Gold stimulated melanocyte differentiation additionally with FFC. Therefore, these results suggest that FFC is involved in regulating the differentiation of melanocytes additionally with extracts of Chinese wolfberry and Siberian ginseng.
INTRODUCTION
Ferrous ferric chloride (FFC R , Akatsuka Co., Tsu, Japan) is a special form of aqueous iron that is a complex of ferrous chloride and ferric chloride and participates in oxidation and reduction reactions. 1) FFC possesses a specific biological effect such as stimulation of the growth of plants, especially root growth. 2) In animals, FFC also possesses a stimulative effect on cell growth. 3) My previous study showed that FFC stimulated the proliferation of cultured keratinocytes and melanoblasts or melanocytes derived from newborn mice. 3) FFC also stimulated the differentiation of keratinocytes and melanocytes. 3) The proliferation of keratinocytes and melanoblasts or melanocytes was stimulated to the same extent (a two-fold in- * To whom correspondence should be addressed: Radiation Effect Mechanism Research Group, National Institute of Radiological Sciences, 4-9-1, Anagawa, Inage-ku, Chiba 263-8555, Japan. Tel.: +81-43-206-3253; Fax: +81-43-206-4638; E-mail: thirobe@nirs.go.jp crease), suggesting that the proliferation of the two types of cells constituting the mouse epidermis may be equally stimulated by FFC. 3) Thus, FFC is thought to activate skin function by promoting cell renewal via the stimulation of the proliferation and differentiation of keratinocytes and melanoblasts or melanocytes. 3) However, it is not known whether FFC can stimulate the proliferation and differentiation of skin cells in cooperation with natural factors such as vinegars, vitamins, and herbal medicines. Pairogen R (Akatsuka Co.) is a refreshing drink, 90% of which consists of FFC water and the remaining 10% of other ingredients (purified, not artificially synthesized), such as rice vinegar, Japanese apricot vinegar, apple vinegar, persimmon vinegar, vitamins B 2 , B 6 , and C, glucose, fructose, citric acid, and malic acid. Pairogen Gold R (Akatsuka Co.) is another refreshing drink consisting of 90% FFC water; the remaining 10% consists of other ingredients (purified, not artificially synthesized), such as apple vinegar, vitamins B 1 , B 2 , B 6 and C, glucose, fructose, citric acid, malic acid, polydextrose, and extracts of Korean ginseng (Panax ginseng), Chinese wolfberry (Lycium chinense), and Siberian ginseng (Eleutherococcus senticosus). Pairogen Gold is known to be more effective for maintaining a healthy condition of internal organs, such as intestines, than Pairogen. Pairogen Gold is also known to be more effective for making skin healthy. These effects of Pairogen Gold might be elicited by the combined effects of FFC and factors supplemented in Pairogen Gold, since the content of FFC does not differ between Pairogen and Pairogen Gold. It is possible that the herbal medicines that are included in Pairogen Gold, but not in Pairogen may be responsible for the stimulative effects of Pairogen Gold on skin function. Thus, the question arises as to which herbal medicines supplemented in Pairogen Gold are responsible for the stimulative effects on skin function. In this study, to solve this problem, in vitro culture systems 4, 5) of mouse keratinocytes and melanocytes were used. FFC-containing Pairogen or Pairogen Gold was added to the culture medium and their proliferation-and differentiation-stimulating effects on skin cells were studied using a serum-free culture system of primary keratinocytes 4) and melanoblasts or melanocytes 5) derived from the skin of newborn C57BL/10JHir mice.
MATERIALS AND METHODS
Mice --Strain C57BL/10JHir mice (black, house mouse) were provided with water and a commercial diet, OA-2 (Clea Japan, Tokyo, Japan), ad libitum. They were housed in individual cages, maintained at 24 ± 1 • C with 40-60% relative humidity, and 12 hr of fluorescent light was provided daily. The present study was approved by the Ethics Committee of the National Institute of Radiological Sciences in accordance with the guidelines of the National Institutes of Health. Primary Culture --Unless stated otherwise, all reagents were purchased from Sigma Chemical Co. (St. Louis, MO, U.S.A.). The method used for obtaining epidermal cell suspensions from dorsal skins of 0.5-day-old mice was reported previously. 6) In brief, disaggregated epidermal cell suspensions were pelleted by centrifugation and suspended in Ham's F-10 medium. After centrifugation, cell pellets were resuspended in the culture medium. 7) Melanoblast-defined medium (MDM) consisted of Ham's F-10 plus insulin (bovine) 10 µg/ml, bovine serum albumin 0.5 mg/ml (fraction V), ethanolamine 1 µM, phosphoethanolamine 1 µM, sodium selenite 10 nM, penicillin G 100 U/ml, streptomycin sulfate 100 µg/ml, gentamycin sulfate 50 µg/ml, and amphotericin B 0.25 µg/ml. Melanocyte-differentiation medium (MDMM) consisted of MDM supplemented with α-melanocytestimulating hormone (MSH) 100 nM. Melanocyteproliferation medium (MDMD) consisted of MDM supplemented with dibutyryl adenosine 3 : 5 -cyclic monophosphate (DBcAMP) 0.5 mM. Melanoblast-proliferation medium (MDMDF) consisted of MDM supplemented with DBcAMP 0.5 mM plus basic fibroblast growth factor (bFGF) 2.5 ng/ml. The same lots of these supplements were used for all experiments in this study. In some experiments, Pairogen and Pairogen Gold, at dilutions of 10 −2 , 10 −3 , and 10 −4 , were added to MDM, MDMM, MDMD, and MDMDF prepared from DDW 1 day prior to intiation of the primary culture, and the media were stored at 2 • C. The effects of FFC and the extracts of herbal medicines (extracted by ethanol, generously supplied by Akatsuka Co.) that are included in Pairogen Gold on the proliferation and differentiation of keratinocytes and melanoblasts or melanocytes were also examined. The same concentrations of the extracts of herbal medicines that are included in Pairogen Gold were added to the culture medium containing FFC.
Assays for Proliferation and Differentiation --
The number of melanoblasts and melanocytes per dish was determined by phase-contrast and brightfield microscopy, and the calculation was based on the average number of cells from 10 randomly chosen microscopic fields covering an area of 0.581 mm 2 .
The statistical significance of differences in the number of melanoblasts and melanocytes and in the percentage of melanocytes in the melanoblast-melanocyte population were determined between controls and experiments using Student's t-test for comparison of groups of equal size.
Bipolar, tripolar, dendritic, polygonal, or epithelioid cells, as seen by phase-contrast microscopy, which contained brown or black pigment granules, as observed by bright-field microscopy, were scored as differentiated melanocytes (pigmented melanocytes). The number of differentiated melanocytes was similar to the number of L-3,4-dihydroxyphenylalanine (dopa)-positive melanocytes. 9) In contrast, bipolar, tripolar, dendritic, or polygonal cells, as seen by phase-contrast microscopy, which contained no pigment and were negative for dopa staining, as observed by brightfield microscopy, were scored as melanoblasts. These cells were stained with the combined dopapremelanin reaction (combined dopa-ammoniacal silver nitrate staining). 10, 11) This staining preferentially reveals undifferentiated melanoblasts that contain unmelanized stage I and II melanosomes in addition to tyrosinase-containing differentiated melanocytes. The ammoniacal silver nitrate reaction specifically reveals unmelanized stage I and II melanosomes as well as melanized stage III and IV melanosomes in melanocytes, and the metallic silver particles are deposited with a high degree of selectivity. 12, 13) Melanoblasts were also stained with antibodies to tyrosinase-related protein (TRP)-1 and TRP-2 (or dopachrome tautomerase). 14) A melanoblast was defined here as an unpigmented cell that had no tyrosinase activity. Melanoblasts cultured in MDMM, MDMD, or MDMDF were stained using the combined dopa-premelanin reaction as well as with antibodies to TRP-1 and TRP-2. 14) However, melanoblasts cultured in MDM were negative to the combined dopa-premelanin reaction as well as to TRP-1 and TRP-2. 14)
RESULTS

Effects of FFC, Pairogen, and Pairogen Gold on Proliferation and Differentiation of Melanoblasts
MDM is used to define and maintain melanoblasts.
Since MDM does not contain melanogens such as α-MSH or DBcAMP, [5] [6] [7] this medium can be used to determine whether FFC, Pairogen, or Pairogen Gold possesses differentiation-stimulating activity for melanoblasts. Bipolar, tripolar, or dendritic melanoblasts were in contact with adjacent keratinocyte colonies through a dendritic process within a day or two after initiation of the primary culture. After 3 days, the melanoblasts gradually increased in number. After 7-8 days, the keratinocyte colonies gradually decreased, and by 14 days, almost all keratinocytes had died and pure cultures of melanoblasts (Fig. 1A) were obtained. In case of MDM with FFC, Pairogen, or Pairogen Gold, large keratinocyte colonies containing numerous enlarged keratinocytes were observed. Keratinocyte proliferation and differentiation were stimulated similarly in all groups. Although the number of melanoblasts failed to increase in MDM with FFC (Fig. 1B, Table 1IA ), Pairogen (Fig. 1C , Table 1IIA ), and Pairogen Gold (Fig. 1D , Table 1IIIA), numerous differentiated melanocytes (Fig. 1B-1D ) were observed. Moreover, there was an increase in dendritogenesis, cell expansion, and pigmentation of melanocytes (Fig. 1B-1D ). Stimulation of melanocyte differentiation was greatest for Pairogen Gold (Table 1IIIA) . At dilution of 10 −2 , more than 90% of cells were differentiated melanocytes (Table 1IIIA ). The differentiation- stimulating effect of FFC (20 g/l, Table 1IA ) was similar to that of Pairogen at 10 −2 dilution (Table 1IIA ) and to that of Pairogen Gold at 10 −3 dilution (Table 1IIIA ). The differentiation-stimulating effect of Pairogen Gold was approximately 10-fold higher than that of Pairogen.
Effects of Herbal Medicines on Differentiation of Melanocytes
Since the differentiation-stimulating activity of Pairogen did not differ from that of FFC, the presence of vinegars and vitamins in Pairogen did not appear to enhance the melanocyte differentiation effect of FFC. In contrast, the differentiationstimulating effect of Pairogen Gold markedly exceeded that of FFC, suggesting that the herbal medicines included in Pairogen Gold possess additional stimulating effects on melanocyte differentiation induced by FFC. To clarify which herbal medicines are concerned, extracts of Korean ginseng, Chinese wolfberry, or Siberian ginseng were added to MDM with or without FFC. Addition of any one of the three kinds of extract to FFC, or of either of the combinations of Korean ginseng plus Chinese wolfberry or Korean ginseng plus Siberian ginseng with FFC failed to increase the degree of melanocyte differentiation induced. In contrast, the combination of Chinese wolfberry and Siberian ginseng with FFC markedly increased the percentage of melanocytes to a level similar to that obtained with Pairogen Gold (Fig. 2) . Three combinations with FFC showed a level of melanocyte differentiation similar to that induced by the two combinations of Chinese wolfberry and Siberian ginseng with FFC (Fig. 2) . The percentages of melanocytes obtained with Pairogen Gold, Chinese wolfberry plus Siberian ginseng, and Korean ginseng plus Chinese wolfberry plus Siberian ginseng were significantly greater than those obtained with FFC alone (Fig. 2,  p < 0.05) . In contrast, single treatment, two and three combinations without FFC failed to exceed the degree of melanocyte differentiation induced by FFC alone (Fig. 2) .
Effects of Pairogen and Pairogen Gold on Proliferation and Differentiation of Melanoblasts and Melanocytes
MDMM containing α-MSH is used to stimulate melanocyte differentiation. Since α-MSH is known to stimulate melanocyte differentiation in vivo and in vitro, 7) this medium can be used to determine whether Pairogen or Pairogen Gold stimulates differentiation-stimulating activity toward melanoblasts in cooperation with α-MSH. When epidermal cell suspensions were cultured in MDMM, pigment-producing differentiated melanocytes appeared around keratinocyte colonies within 2-3 days and then increased in number. After 14 days, almost all the keratinocytes had died and pure cultures of differentiated melanocytes were obtained (Fig. 3A) . In case of MDMM with Pairogen or Pairogen Gold, large keratinocyte colonies with numerous enlarged keratinocytes were observed, similar to those obtained in cultures of MDM with FFC, suggesting that Pairogen or Pairogen Gold stimulates keratinocyte proliferation and differentiation. Although the number of melanoblasts and melanocytes failed to increase (Table 1IIB , 1IIIB) in culture with Pairogen or Pairogen Gold (Fig. 3B) , melanocyte differentiation was stimulated (Fig. 3B , Table 1IIB , 1IIIB), and dendritogenesis, cell expansion, and pigmentation also increased (Fig. 3B) .
MDMD containing DBcAMP is used to stimulate both the proliferation and differentiation of melanocytes.
Since DBcAMP is known to stimulate both proliferation and differentiation of cultured melanocytes in the presence of keratinocyte-derived factors, 4) this medium can be used to determine whether Pairogen or Pairogen Gold stimulates proliferation and differentiation activity toward melanocytes in cooperation with DBcAMP. When epidermal cell suspensions were cultured in MDMD, pigment-producing differentiated melanocytes appeared around keratinocyte colonies within 2-3 days and then increased in number. After 14 days, almost all keratinocytes died and pure cultures of differentiated melanocytes were obtained (Fig. 3C) . In case of MDMD with Pairogen or Pairogen Gold, large keratinocyte colonies with numerous enlarged keratinocytes were observed, similar to those obtained in cultures in MDM with FFC, suggesting that Pairogen or Pairogen Gold stimulates keratinocyte proliferation and differentiation. The number of keratinocytes per colony in 2 days doubled in both Pairogen and Pairogen Gold (data not shown). The number of melanocytes also doubled in both Pairogen (Table 1IIC) and Pairogen Gold (Fig. 3D, Table 1IIIC ). The most preferable dilution was 10 −4 for both Pairogen and Pairogen Gold. Numerous mitotic melanocytes were observed. Moreover, melanocyte differentiation was stimulated (Fig. 3D, Table 1IIC , 1IIIC) and dendritogenesis, cell expansion, and pigmentation also increased (Fig. 3D) .
MDMDF containing bFGF and DBcAMP is used to stimulate the proliferation of undifferentiated melanoblasts. 5) Since bFGF in the presence of DBcAMP stimulates melanoblast proliferation synergistically with keratinocyte-derived factor, 5) this medium can be used to determine whether Pairogen or Pairogen Gold stimulates the proliferation toward melanoblasts in cooperation with bFGF and DBcAMP. When epidermal cell suspensions were cultured in MDMDF, undifferentiated melanoblasts were observed around keratinocyte colonies within 1 day, and increased in number after 3-4 days. After 14 days, almost all the keratinocytes died and pure cultures of numerous melanoblasts (approximately 90%) and a small number of melanocytes (approximately 10%) were obtained (Fig. 3E) . In case of MDMDF with Pairogen or Pairogen Gold, large keratinocyte colonies with numerous enlarged keratinocytes were observed, similar to those observed in cultures of MDM with FFC, suggesting that Pairogen or Pairogen Gold stimulates keratinocyte proliferation and differentiation. The number of keratinocytes per colony on day 2 doubled in both Pairogen and Pairogen Gold (data not shown). The number of melanoblasts and melanocytes also doubled in both Pairogen (Table 1IID) and Pairogen Gold (Fig. 3F, Table 1IIID ). The most preferable dilution was 10 −4 for both Pairogen and Pairogen Gold. Although the percentage of melanocytes failed to increase significantly with Pairogen (Table 1IID), that of melanocytes with Pairogen Gold (Table 1IIID) significantly increased at all dilutions tested (p < 0.05). The percentage of differentiated melanocytes at a dilution of 10 −4 of Pairogen Gold was slightly lower than that at dilutions of 10 −2 and 10 −3 (Table 1IIIC, D) . This might be resulted from the increased proliferation of melanoblasts at a dilution of 10 −4 . These results suggest that Pairogen and Pairogen Gold can stimulate the proliferation of melanoblasts in cooperation with bFGF and DBcAMP.
DISCUSSION
In my previous study, FFC was shown to increase the proliferation of melanoblasts or melanocytes cultured in MDMDF or MDMD by two-fold irrespective of the presence or absence of keratinocytes. 3) FFC failed to stimulate the proliferation of melanoblasts or melanocytes in MDM or MDMM. 3) FFC was also shown to stimulate the differentiation, dendritogenesis, cell expansion, and pigmentation of melanocytes. In the present study, Pairogen and Pairogen Gold similarly stimulated the proliferation of mouse epidermal melanoblasts or melanocytes in MDMDF or MDMD. They also stimulated the differentiation, dendritogenesis, cell expansion, and pigmentation of melanocytes in MDMD. Thus, Pairogen and Pairogen Gold can stimulate the proliferation, differentiation, dendritogenesis, cell expansion, and pigmentation of melanocytes in cooperation with DBcAMP. These results suggest that the presence of vinegars, vitamins, and herbal medicines in Pairogen or Pairogen Gold elicit no additional effect on the proliferation of mouse epidermal melanoblasts or melanocytes. FFC seems to be mainly involved in regulating the proliferation of mouse epidermal melanoblasts or melanocytes in neonatal skin.
In my previous study, 3) FFC induced the differentiation of melanocytes in MDM, which is devoid of melanogens, such as α-MSH or DBcAMP. 5, 6) In the present study, Pairogen elicited no additional stimulation of melanocyte differentiation in MDM induced by FFC. In contrast, Pairogen Gold elicited additional stimulation of melanocyte differentiation in MDM. Combined treatment of FFC with extracts of Chinese wolfberry and Siberian ginseng markedly increased the differentiation, dendritogenesis, cell expansion, and pigmentation of melanocytes to a level similar to that elicited by Pairogen Gold. Extracts of Chinese wolfberry and Siberian ginseng stimulated the differentiation of melanocytes in the absence of FFC. These results suggest that FFC and factors present in extracts of Chinese wolfberry and Siberian ginseng additionally induce the differentiation of mouse epidermal melanocytes even in the absence of natural melanogens such as α-MSH or DBcAMP. 5, 6) Although extracts of Korean ginseng, 15) Chinese wolfberry, 16, 17) and Siberian ginseng [18] [19] [20] [21] [22] [23] are reported to affect the functions of various cells, they have not been reported to stimulate differentiation, dendritogenesis, cell expansion, and pigmentation of melanocytes. This is the first report on the extracts of Chinese wolfberry and Siberian ginseng that stimulate differentiation, dendritogenesis, cell expansion, and pigmentation of melanocytes additionally with FFC. However, it remains to be established what factors present in Chinese wolfberry and Siberian ginseng are involved in regulating the differentiation of mouse epidermal melanocytes additionally with FFC. Syringin, an active principle of Siberian ginseng, stimulates the secretion of β-endorphin in rats. 20) However, it is not yet known whether syringin is involved in regulating the differentiation of melanocytes additionally with Chinese wolfberry-derived factors and FFC.
Stimulation of the differentiation of mammalian melanocytes is elicited by protein kinase C (PKC) 24) activated by endothelin (ET)-1, [25] [26] [27] ET-2, 27) or 27) by mitogen-activated protein kinase (MAP kinase) 28) activated by bFGF, 29) steel factor (SLF), 30, 31) leukemia inhibitory factor (LIF), 32) granulocyte-macrophage colony-stimulating factor (GMCSF), 33, 34) or hepatocyte growth factor (HGF); 35, 36) and by protein kinase A (PKA) 7, 37) activated by α-MSH or DBcAMP. 5, 6, 37) PKA increases the activity of tyrosinase, TRP-1, and TRP-2 and increases melanin synthesis by these enzymes. 24, 37, 38) It remains to be investigated by a future study whether extracts of Chinese wolfberry and Siberian ginseng activate the signaling pathways of PKC, MAP kinase, and PKA in cooperation with FFC, even in the absence of melanogens such as α-MSH and DBcAMP. 5, 6, 37) In the present study, Pairogen and Pairogen Gold were shown to stimulate the proliferation of melanoblasts or melanocytes in a way similar to FFC, 3) as reported previously. These results suggest that the ingredients of Pairogen and Pairogen Gold, such as vinegars, vitamins, and herbal medicines elicit no increase in the proliferation of melanoblasts or melanocytes elicited by FFC. 3) Stimulation of the proliferation of mammalian melanocytes is known to be elicited by PKC, 24) MAP kinase, 28) and PKA. 7, 37) It remains to be investigated by a future study whether FFC activates these signaling pathways even in the absence of the growth factors or cytokines mentioned above.
